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This report covers work performed *In Ju ly ,  AuqusC and September, 1981 
on the DOE/JP! Corttract 954334, Phase 111, This  phase cons is ts  o f  the en- 
glneerf  ng deslgn, fabr ica t ion ,  assembly, operat ion, economic anal ysjs  , and 
process support R&D f o r  an Experimental Process System Development Un i t  
(EPSDU) , 
Union Carbide has entered i n t o  nego t ia t i on  wi th DOE/JPL t o  cos t  share 
i n  the EPSDU program by cont inutng w i t h  const ruc t ion  and s tar t -up  w i t h  com- 
pany funds. This has been necessary due t o  severe government budget re- 
c is ions  i n  t h e  so lar  and o the r  energy r e l a t e d  programs. As a consequence' 
o f  such a plan, UCC w i l l  r e l o c a t e  the  EPSDU f a c i l i t y  t o  a 1st Coast loca- 
t i o n  t o  complete and run the f a c i f  i ty .  
The design a c t i v i t y  1 s  complete and mechanical and e l e c t r i c a l  b l d  pack- 
ages w i l l  be reissued t o  o b t a i n  b ids  a t  t h e  new EPSDU locat ion .  About 95% 
of purchased equipment has been received and w i l l  be reshipped t o  the  West 
Coast l oca t ion .  
The repo r t  genera Liosl part  o f  the Data Col Iection System was completed 
i n  t h l s  quarter ,  The d r a f t  o f  the  operat ions manual i s  about 50% complete 
and the &s ign o f  the free-space system i s  cont inuing. 
I n  the  area of me1 t ing /conso l  i d a t i  on, Kayex has dercons t r a t e d  the 
system using silfcon powder t rans fe r ,  me l t i ng  and sho t t i ng  on a psuedo- 
cont~nuous bas is .  Exg;lrSmenLal a c t i v i t y  ceases a t  the end o f  the quar te r  
and docunentatlon o f  the results and recommendations w Ce completed in 
the fou r th  quarter. 
A propossl has been submitted t o  cont inue the very promisine f lu id -bed 
work I n  the next  f i s c a l  year w i t h  a r e l a t i v e l y  small budget. The EPSDU 
p l l o t  p l a n t  w i l l  probably be funded by UCC i n  the  nex t  f i s c a l  year pending 
a favorable agreement t o  be signed soon between DOE/JPL and Union Carbide, 
SECTION I .  INTRODUCTION 
-. 
This report covers work performed in July, August and September 1981 
on JPL/DOE Contract 954334, Phase 111. 
The overall o b j e c t i v e  of the  LSA Silicon Materlal Task I s  t o  establish 
a chemical process f o r  producing sil icon a t  a rate and cost comnensurate 
w t t h  t h e  production go7's of the LSA project for  solar-cell rnodu7es, Thf s 
material must be suitable fo r  utdlizat7on i n  the large-area sheet process 
and in the automated process for the fabrfcation o f  solar ce l l s  having 
sat1 sfactory physi cal and e l  ectrlcal  performance characteristics.  
As par t  of the overall Sflf con Material Task, Union Carbide developed 
the sl l  ane-sf 1 icon process and  advanced the techno1 ogy to  t he  point where 
i t  has a def inl te  potential fo r  providing high-purity polysilicon on a 
comnerc7al scale a t  a price o f  $14/kg by 1986 (1980 dol la rs ) ,  This work, 
completed under Phases I and IT of the contract, provided a firm base f o r  
the  Phase I1 Program ( i n l t l a t e d  in April 1979) aimed a t  establjshlng the 
practical l e y  of t h e  process by pursuing the following specif lc  ob jec t i ves :  
0 Design, fabr jcate,  i n s t a l l ,  and operate an Experimental 
Process System Development U n i t  (EPsDU) sized for  100 
M'T/Yr t o  obtafn extensive performance d a t a  t o  establish 
the da ta  base far t h e  design o f  cummercial f a c i l i t i e s .  
0 Perform suppor t ing  rasz%rcbe and development t o  provide an 
1nformat.ton base u s a b l ~  Tor the EPSDU and  fo r  technological 
des-ign and econamic analysjs fo r  potential scale-up o f  
the  process. 
a Perform i te ra t ive  economSc analyses o f  the estimated product 
cost  for  the production of semiconductor-grade s i  1 icon i n  a 
f a d  11 ty capable o f  producjng 1000 MT/Yr. 
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Thi s process f o r  preparing semiconductor-srade s i l  icon i n  the EPSDU 
f rom metal 1 urqical-grade (M-G) s i  1 Icon t s based an a we1 1 -Integrated 
arrangement of purificatfon steps t ha t  provides a cost-effective process 
system, 
The three basic steps entai 1 converting M-G s i l  icon to  t r ichl  orosilane, 
redistributing the trlchlorosil  ane t o  produce s i  lane, and thermal ly  decnm- 
posing the si lane to  form si l lcon powder, The powder i s  then me1 ted and 
the molten s i l icon i s  cast into polycrystalline sil icon for  subsequent use 
I n  fabricatlng solar ce l l s .  
The technical progress presented In t h i s  report i s  arransed according 
t o  the work Breakdown Structure (WBS) shown in Table 1, 
SECTION I, TECHNICAL A C T I V I T I E S  (BY C1BS NUMBER) 
1, EPSDU PROGRAM 
As i l l u s t r a t e d  i n  Table I ,  the  c u r r e n t  Phase 111 Program cons i s t s  
oY seven primary (WBS level 2 )  divisions o f  e f f o r t :  
0 EPSDU Design and Procurement 
m EPSDU Equipment Fab r i ca t i on  and Del ivery 
a EPSDU Insta7:at ion and Checkout 
a EPSDU Operation 
a Co~merclal (1000 MT/Yr) Process Economic Analys is  
r Process R&D t o  Support EPSDU Deslgn and Cormerctal Analys is  
r Program Management 
Col I e c t i v e l y  , these a c t l v i  t i e s  encompass a1 1 e f f o r t s  reqirired t o  a t -  
t a t n  the program o t j e c t f v e s ,  The subdivisions (WBS l e v e l s  3, 4,  and 5) 
deflne the ind?v!dual work i tems t h a t  must be performed. The progress f o r  
t h i s  quar te r ,  docurented I n  t h f s  sect ion,  i s  repor ted  a t  t he  work- i tem level. 
1.1 EPSDU DESIGH/PROCUREMENT 
This e f f o r t  i h c l ~ d e s  a l l  engineering, desiqn, and procurement a c t i v i -  
ties necessary t o  t rans form the procEss desiqn, developed dur ing the  Phase 
I 1  Program, i n t o  a complete i ns ta l l a t i on -$ raw inn  packase f o r  EPSDU. The 
major tasks inc lude process design updates, f a c i l i t y  design, equipment 
design and procurevent, i n s t a l l a t i o n  design, and cos t  es t ima t i ng  support .  
process Des i sn 
The process design e f f o r t  i s  geared toward using the most recent  
in fo rmat tan  avaf l a b l e  t o  prov ide the  most  p rac t i cab le  i n t e g r a t i o n  o f  process 
subsystems f o r  a t t a i n i ng  the EPSDU Program ob jec t ives ,  The process design 
package cons i s t s  of a heat/rnass balance, process descr ipt ion,  process f l o w  
diagram, and func t i ona l  s p e c i f i c a t i o n s  f o r  process equipment. The o r i g i n a l  
package, 1s;ued i n  June 1979, served as the b a s i s  fo r  the  subsequent el'rof- 
nee r i nq  e f f o r t .  Cenef i c ia l  da ta  f r o m  the suppor t jnq  R&n e f f c r t  and other 
process- re la ted  analyses and exper iments were used t o  update t h e  o r i q l n a l  
package, Process engineers, u s i n g  I n fo rma t i on  available f r o m  t h e  Phase I 
and P h a w  T I  Programs, p rov ide  direct  support t o  the  f a c i l i t y  and equipment 
desl gn e f f o r t s ,  
1 1 . 1 2 Enqineer inq Desi sn Suppcr t  
Th is  act iv- i ty i s  complete except f o r  some mincr  ena lneer ina  de- 
t a i l s .  An i n t e r n a l  meet ing w i l l  be held i n  October t o  assure t h a t  a l l  
ftems have been addressed. 
1.1.2 Design 
The Gantry s c a l e  podel has been conipleted and shipped. Work on 
the f a c i l i t y  sca le  model hcs been d iscon t inued  s i nce  t h e  EPSDU l a y o u t  a t  
the new s f  t e  w i  17 be rearranqed. 
1 1 Equipment Deslsn, S p e c i f i c a t i o n ,  Procurement 
The eq t~ ip r ien t  r e1  a ted  e f f r ~ r t  i nc ludes  development o f  t h e  c o n t r o l  
system, p repara t ion  o f  t he  p i p l n n  and i ns t rumen ta t i on  diaqram, p repa ra t i on  
of w l  r i n g  schematics and control: panel drbawinqs, and the  desion of  equ ip -  
t ~ e n t ,  The s p e c i f i c a t i o n  a c t i v i t y  inc ludes  d e f i n i t i o n  s f  s p e c i f i c  r e w i r e -  
ntents f o r  each Jtem of equinrent, p r e p ~ r a t i o n  o f  b i d  packages, e v a l u a t i o n  
of vendor quotation, and p repa ra t f  on o f  f f  n a l  s p e c f f i  ca t i ons  and drawinas. 
Procurement lnc lud3s  t he  issuance o f  p r o c u r e m ~ n t  packaaes t o  se lec ted  vendors 
and o b t a i n i n g  comprehensive d ~ s i  a11 informiat ion necessar-y f o r  prepar inrr  i n -  
s t a l  l a t i o n  drawings. 
The design and procureren t  o f  each i t e m  o f  eauipment i s  accomplished 
through the  comblned e f f o r t s  o f  process enqincers,  equipment enqineers, and 
purchas jng agents, These e f f o r t s  produce a s e r i e s  o f  documents t h a t  evc lve ,  
ul t i a a t e l y ,  i n t o  a corcplete, d e f i n i t l v e  nrocurement packaoe. The i r d i v i d u a l  
documents are as fo l lows:  
a Functional Speci f S ca t l on  
B Engineerjng Spec i f i ca t i ons  
0 Request For Quotation (RFQ) 
Request For Requfsf t ion (RFR) 
I Purchase Order (PO)  
m Procurement Status Report 
These s f x  documents serve as  milestones f o r  measuring performance 
o f  the  procurement cycle fo r  each i tern o f  equipment, 
1 . 3  1 Process Control  
The f l n a l  review ~ c h e m a t i c  w i r ing  dfagram arrd the pr imary rec- 
orll!ended spare parts l i s t  were issued. The pre l im inary  propramminp o f  the 
Modicon Programable Contro l  ler  was completed i n  September. 
1.1.3.7 Other Equipment, Special  ties* 
The c leanfng of s p e c i a l i t y  items (valves, e t c )  t o  meet the  c lean ing  
s p e c f f i c a t i o n s  i s  approximately 80% complete and w i l l  be completed i n  
October. The Pyro l ys i s  Hydrogen Cornprcssor ref1 t t i n g  will a1 so be com- 
p l e t e d  I n  October. 
1.1.3.8 Data Collection System 
A d e s c r i p t i o n  o f  the Data Collection System f o r  the 100 MT/Yr 
s i l a n e - t o - s i l  -icon EPSDU w s ~  jrsued. The Archive System was cornpldted, bu t  
documentation remains t o  be ~ r i  tten. 
1.1.4 - I n s t a l  l a t j o n  Deslan,  S p ~ c f f i c a t i o n ,  Subcontract 
T h i s  design e f f o r t  Includes development o f  separate i n s t a l l a t i o n  
drawing packages f o r  the  s i t e ,  c i v i l ,  mechanical, and e l e c t r i c a l  spec ia l  t ,es 
based on tire engineer ing design e f f o r t  and vendorwsupplied in fo rmat ion .  Spe- 
c l  f i  c a t f  on a c t i v i t y  includes d e f i n i t i o n  o f  spec1 P i  c requirements f o r  perfor- 
mlng a l l  instal 1 atJon functions. Subcontract ing includes the  p repa ra t i  on o f  
b ' ~  d packages, eva lua t i on  o f  quotes, sub-contractor  selection and contrbact  
negot iat ion.  
1,1,4.4 Mechanical Design, Specification A Materials. and 
1.1.4.5 Mechanical Drawings- 
Final drawings and specification changes were completed and the  
mechanical .Installation package was marked "For ConstructIon/tlold." The 
potential contractors were notified t h a t  contracts would not  be awarded 
a t  E a s t  Chicago. 
1.1,4.6 E e c t r l c a l  Design, S p e c i f f  cation & Materials and 
1.1.4.7 Electrical Drawings 
The b ids  for  the  EPSDU electr ical  work were received and  evalu- 
ated. A contract was not awarded since the EPSDU p i lo t  f ac i l i t y  will be 
relocated In Washington s t a t e ,  F i n a l  drawing and speci fication chanrles were 
completed and the electr ical  instal  lation package was marked "For Con- 
struction/Hol d. " 
1.1.6 Pyrs~~~,~s is /Mel  t i n g  System Design 
The Free-Space Reactor/Pawder Hopper design prcv~ously developed 
was reviewed and design modffications were nade to Smprove the desiqn, 
Mod j f i  cat1 ons Sncl ude: 
a Safety va lve  was replaced w i t h  a hurst disc, 
Vacuum 1 i n e  was ~e laca ted  t o  prevent plugging. 
a Powder t ransfer  1 i ne  tras respec i f i ed  t o  use po l ished 
stainless steel tubinq. 
Agitator was relocated and supports redesi qned, 
a Powder level detectors were added t o  the s i l icon powder/ 
hopper design. 
a Seal for q u a r t z  l i n e r  was mad i f i ed  t o  a metal bellows type. 
Fabrication drawlngs for the free-space reactor were completed. 
Design work has begun on the hopper vessel which feeds si l icon powder t o  
the melter u n j t .  A preliminary lay-out  was completed fo r  the steel structure 
which supports the free-space reactor/hopper, sll Icon powder met t e r l s h o t t e r  
and s h o t t e r  f l  u l d  bed system. Detailed structural drawf ngs are currently 
under preparatjon, 
1 1  6 1 Control System Des-iqn 
Pret iminary P&I diagrams have been developed f o r  bo th  t h e  free- 
space reactor and t he  shotter/mel ter. The shotter/mel ter Includes the 
s i l l c o n  powder melter, s h o t t e r  and a f l u i d  bed shot collection u n i t  located 
below the shoi ter  tower. 
1.2 EQUIPMENT FABRICATION/DELIVERY 
This r e p o r t  i t e m  Inc ludes  all in-house and outs ide  a c t i v i t i e s  asso- 
c I a t e d  ~l th fabrication, delivery, and vendor coordination fo r  a1  1 i terns 
o f  equipment. 
1.2.1 Process Control and Data Collection System and 
1.2.2 El ectrl ca1 Power System 
A summary t a b l e  o f  purchased i terns i s  as fo1 lows: 
W.R.S. No. Descr ip t ion  
Purchase Number 
Orders Of Itenis Cost (9,000) 
1.2.1.1 Field Instruments 6 2 632 166 
and Cont ro ls  
1.2.1.2 Panels and  59 462 163 
Fanel Instruments 
1.2,1.3 Data Co7 l e c t i o n  19 150 165 
Sys tern 
1.2.1.4 Other Process 11 66 5 l Con t ro l  Equipment 
1.2.2.1 Power Supply 1 
1,2,2,2 Power Contro l  Center 1 
1 , 2 , 2 , 3  Other Power Syste~  1 
Equipment 
1.2.3 Process Equipment--Linde Designed 
This t a s k  includes t 3 e  e f f o r t  required for the fabrjcation, 
d e l i v e r y ,  and acceptance o f  the free-space reactor wfth hopper, hydroaen- 
a t i on  and r e d i s t r i  bu t i on  reac tors ,  distillation columns, and o t h e r  process 
equipment . 
A summary t a b l  e of purchased items fol l a w s  : 
Purchase Nuvber 
W.B.S. No, Descr ip t jon  Orders Of Itervs C o s t  ($,OOO) 
1.2.3.2 Reactors (Vendors Supp) 2 7 139 
1,2,3,3 Distillation 
Col umns 
1,2.4 Process Equipment--Vendor Des iqned 
T h i s  task includes the ef for t  required for t he  f a b r i c a t i o n ,  d e l i v -  
er:' , and acceptance o f  compressors, pumps, heat exchangers, t a n k s ,  sol i d s  
hand1 jng equipment, waste treatment equipment, and other process equippent. 
A sunrnary t a b l  e o f  purchased 1 terns foil ows: 
Purchase Number 
W , B . S  No. Descript-ion Orders O f  Items Cast ($,000) 
1.2.4.1 Compressors 4 5 263 
1.2.4.2 Pumps 8 14 54 
1,2,4,3 Heat  Exchangers 8 14 73 
1.2.4.4 Tanks 8 22 181 
1.2,4,5 Sol i d s  Hand1 i ng 7 8 24 
1.2.4.6 Waste Treatment 7 5 1 9 
1.2.4.7 Other Process 3 4 67 
Equipment 
1.2.5 Aux l l  lary  Equjpment 
This  task i n c l  udes the e f f o r t s  r equ i r ed  f o r  t h e  f a b r i c a t i o n ,  
deli  very,  and acceptance o f  t h e  t henn ino l  heater,  refr5 g e r a t i o n  unT t , 
hydrogen and argon s to rage  tank,  and other a u x i l i a r y  equfpment. 
A sulmary t a b l e  o f  purchased i terns follows: 
Purchase Number 
W.B.S. No. D e s c r i p t i o n  -- Orders O f  Items Cost ($,000) 
1.2.5.1 Themi no1 hea te r s  1 1 4 6 
1.2.5.2 R e f r i g e r a t i o n  U n i t  1 1 9 2 
1.2.5.3 Cool in! Tower 1 1 10 
1,2,5.4 Ins t rument  A i r  2 2 30 
1.2.5.6 Other Auxil iary 26 1663 3 3 
1.2.6 Support  Equl prnent 
These i t en i s  a r e  assac ia ted  wqith the f i t t i n g - o u t  of t h e  Qua1 i t y  
Cont ro l  (Q.C.) T r a l l e r .  The t r a i l e r  has been d e l i v e r e d  t o  the s i t e  a t  
E a s t  Chicago, however, l a b o r a t o r y  equipment has n o t  yet been rece i ved  
and w i  1 1  n o t  be i n s t a l  l e d  u n t i l  i t  i s  t r a n s f e r r e d  t o  t he  Washington s i t e .  
1.2.8 Procurement Suppor t  
This t a s k  includes the Procurement Department e f f o r t  necessary 
t o  in1 t i a t e ,  monitor and c o n t r o l  the purchase o f  equipment, I t  a l s o  i n -  
cl udes work assoc-iated w i  t h  c l ean ing  specSa1 t y  i terns t o  s t r i c t  standards,  
s i nce  the coniponent s u p p l i e r s  cannot meet t h e  s p e c i f i c a t i o n s .  
1.2.8.1 Purchasing, Expeditjng 
Equipment i t e m s  rece i ved  a t  the East Chicago s i t e  a re  being 
checked and taqqed, The upda ted  procurement s t a tus  r e p o r t  i s  shown as 
Appendix A .  Approx imate ly  92 percen t  o f  the  i terns charged t o  1.2 have 
been rece i ved  and i n v a l c e s  pa id ,  
1.2.8.4 Tonawnnga Equf pment C lean ing  
Cleanlng o f  s p e c i a l t y  i tems i s  about 80% camp1 ete, t h i s  a c t i v i t y  
w i l l  be completed i n  October. The s p e c i a l t y  i tems c o n s i s t  o f  va lves ,  i n -  
struments,  t r a n s m i t t e r s ,  f lowmeter .., etc.--564 i t e m s  w i l l  be c leaned t o  
meet t h e  c h l o r o s i l  ane spec1 f l c a t i o n ,  and an addi  t i o n a l  147 i tems w i l l  be 
cleaned t o  meet  e l e c t r o n i c  grade qua1 f ty, 
1.4 OPERATION 
1.4.1 P repa ra t i on  
1,4.1.1 Operat ions,  Operat ino Manual 
Volume I o f  t h e  o p e r a t i n g  manual has been pu t  on the word pro-  
cessor  system. T h i s  volume con ta i ns  two sec t i ons - - t he  f i r s t  s e c t i o n  deals 
with chemical s a f e t y  and g i ves  detailed d e s c r i p t i o n  o f  the hand1 i n s  o f  a1 1  
chemicals which are i n v o l v e d  i n  the  process. The second s e c t i o n  addresses 
p l a n t  sa fe ty  procedures and descr ibes  i n  a manual form the ope ra t i on  regu- 
l a t l o n s  f o r . s a f e  o p e r a t i o n  of  a p lan t .  The d r a f t  i s  r e c e i v i n p  an i n i t i a l  
rev iew by Safe ty  Personnel a t  Tonawanda and S i s t e r s v i l l e ,  bu t  must be re- 
viewed again  be fo re  p l a n t  s t a r t - u p  t o  assure t h a t  a l l  poss i b l e  hazards f o r  
a s i l a n e  p l a n t  have been cons idered.  \!olume I1 ( d e s c r i p t i o n  of t h e  process)  
and Volume I11 ( o p e r a t i o n )  a re  c u r r e n t l y  be ing  w r i t t e n .  
1.4.1.3 Operat ions,  F i e l d  I n s p e c t i o n  and C a l i b r a t i o n  
The equipment a t  East  Chicago has been prepared f o r  t r a n s f e r  t o  
the new s i t e - - t h e  g a n t r y  has been disassembled and loaded on two t r ucks .  
Large vessels are being pot  on c r a d l e s  a n d  sma l l e r  i tems are be ina  re -  
packaged. The t r a n s f e r  w i l l  be completed i n  October. The Q.C. t r a i l e r  
has been d e l f v e r e d  t o  East Chicago s i t e  b u t  w i l l  be t r ans fe r red  t o  the 
West Coast. 
1.6 PROCESS SUPPORT R & D 
The supporting R & G Program i s  separate from t he  mainstream design 
e f fo r t  and includes a7 1 ac t1  v l  t i e s  associated with analyttcal and experi-  
mental development of t he  free-space reactor, meltin~/consolidation system, 
fluld-bed reactor system, a n d  qua1 i t y  control techniques and procedures. 
Information generated i n  t h i s  program will be used f o r  the EPSDU e f f a r t  
and the commercfal feci I i ty economlc analysis. 
1.6.2 Me1 tlnp/ConsoI 1 da t i  on 
The design and development e f fo r t  necessary to  obtain a re l iable  
melter f o r  EPSDU involves UCC and  sub-contractor (Kayex) e f f o r t ,  
1.6.2.1 Me1 t e r  Sys tern Subcontract 
T h i s  ef for t  Involves establishinp and managSng the sub-contract 
and subrcontractor development, design, and fabrication e f f o r t s ,  
Kayex Corporation i s  developinq the s i  1 icon melter system for  
EPSDU. The sil icon consolidation scheme i s  based on me1 tinp the powder in 
a quartz c r u d b l e  and dropping sil icon shot from the crucible bottom into 
a cooling tower where the shot i s  sol idif ied,  The goal  i s  t o  design and 
b u l l d  a me1 ting/consol idating system suitable f o r  instal  latian i n  the  EPSDU. 
During the third quarter, the sub-contractor has completed the 
final experimental runs t o  demonstrate feasabi l i t y ,  the final report 
wri ting and documentation w i  11 take place i n  October. 
During the period from June t h r o u g h  Ausust 1981, 10 melt runs were made. 
The pertinent detai ls  o f  each run are l i s ted :  
I Melt Run Number 10 ( 6 /3 ) :  Purpose - t o  produce shot usins a 
0.55 mrn o r i f i ce  in a capi l lary tubina nozzle w i t h  3.21 kg of s i l icon chunks. 
Results - shotting was maintained for  35 minutes as a throuqhput of 2.42 kg 
o f  si l lcon (76% of load)  was obtained. O r i f i c e  erosdon was 15.5: per hour, 
Excel l e n t  shot was produced w i t h  an  optimum downward a p p l  ied pressure dif-  
ference of 2.0 p s i .  
m M e l t  Run Number 11 (6/19): Purpose - t o  produce s h o t  usdng a 0.66 mn 
o r i f l c e  a f t e r  m e l t l n q  1.38 kg o f  s i l f c a n  chunks and feeding and meltSnq 
s l l i c o n  powder, Resul ts  - the b a l l  va lve  between t he  auger and the furnace 
tank j a m e d  with powder, so on ly  the  chunks were mel ted  and shotted, Nearly 
200% throuqhput was achieved i n  15 minutes of shot t ing .  O r i f h e  eros ion 
was 16% per hour. 
Me1 t Run Number 12 (6/26) : Purpose - t o  me7 t 1.35 ka o f  s f  1 i con  
chunks, feed and me1 t powder, and produce shot us lna a 0.58 mm o r j f l c e .  
Resul ts  - chunks were melted, powder was fed u n t i l  i t  backed up Into t he  
quar tz  powder feedlng tube and shot was produced. Powder melted i n  t he  
qua r t z  tube and blocked fur ther  powder flow. The shot  stream was non- 
vertical so t h a t  " s p l a t "  b u i l t  up on the drop tube w a l l ,  even tua l l y  f a l l -  
ing and breaking t h e  c o l l e c t i o n  tube. 
0 M e l t  Run Number 13 (7/9): Purpose - t o  m e l t  s i l i c o n  chunks, feed and 
me1 t powder and produce shot  from a 0.58 m o r i f i c e .  Resu l t s  - the  chunks 
were melted, and powder was fed, bu t  a loss o f  b u i l d i n q  water  pressure 
caused the generator t o  shut down, ending the run prematurely. 
r M e l t  Rdn Plumber 14 (7 /20) :  Purpose - t o  use t h e  c y l i n d r i c a l  tub ina 
c o i l  t o  me l t  and sho t  s i l i c o n  chunks and t o  feed, m e l t  and shot  s i l i c o n  
powder, Resbt t s  - t h e  c o i l  wa te r  stayed coo? (<125OF), b u t  power d i d  n o t  
exceed 892, and the chunks could no t  be melted. 
m Melt Run Number 15 ( 7 /22 ) :  Purpose - t o  use the  c y l i n d r i c a l  tub ing  
c o i l  t o  m e l t  s i l i c o n  chunks a f t e r  r a i s i n g  the generator cu r ren t  l i m i t  and 
balancing the three phases. Results - power reached 104?, bu t  the  s l l i c o n  
coul d n o t  be me1 ted. 
r Me1 t Run Plumber 16 (7/27): Purpose - t o  me1 t and shot  s i l i c o n  chunks 
and t o  feed, melt and shot s i l i c o n  powder us ing t he  rec tangu lar  tubjnq c o i l  
w i th  a water boos te r  pump i n  t he  c o i l  water l i n e  which inc reased  c o i l  water 
f low s i g n f f l c a n t l y .  A 0.56 mrn o r i f i c e  and 1.15 kg o f  chunks were used. 
Resul ts  - the  c o i l  water  stayed cool (<130°F), the  chunks were melted, 
powder was f ed  and mel ted and sho t t i ng  began, b u t  the c o l l e c t i o n  system 
p jp ing  became blocked w l t h  shot and the c r u c i b l e  rose o u t  of the  susceptor, 
ending the  run. 
a Me1 t Run Number 17 (8/11): Purpose - t o  mel t  s i l i c o n  chunks, f e e d  
and m e l t  s i l i c o n  powder and produce shot  wh i l e  us ing a mod l f ied  c o l l e c t i o n  
system, a l o a d  c e l l  readout, automatic temperature c o n t r o l ,  and a s h o t t i n g  
rate sensor. Results - the  auto temperature con t ro l  l oop  and the shot 
f l o w r a t e r  worked f i ne ,  t h e  l o a d  c e l l  readout was obscured by channes 5n 
pressure d i f ference,  and the  c o l l e c t i o n  system jammed w i t h  shot, f o r c i n a  
term9natfon o f  the run. 
r Me1 t Run Number 18 (8/18): Purpose - t o  m e l t  s i 7  i c o n  chunks and feed 
and m e l t  s i l i c o n  powder and produce shot  wh i le  us ing  headsets t o  communicate, 
using the l oad  c e l l  wt t h  t h e  AP subtracted out, us inq a mod i f ied  c o ? l e c t i o n  
system w l t h  the shot go ing  d i r e c t l y  i n t o  the c o l l e c t i o n  drum (no d i v e r t e r  
p l a t e )  and us ing the automatic t e ~ p e r a t u r e  c o n t r o l l e r  and shot  f lowra ter ,  
Results - the  headsets g r e a t l y  aided operator  comnunication, the  temperature 
c o n t r o l l e r  maintained a constant  temperature a t  a g iven s e t  p o i n t  and was 
used throughout the  run, t h ~  c o l l  e c t i o n  system worked w i thou t  any problems, 
sho t t i ng  was maintained f o r  a record 1-3/4 hours and shot  was d e f i n i t e l y  
produced from melted powdw for  the  f i r s t  time, Also - arc ing  occurred on 
the molybdenum r a d i a t i o n  sh ie ld ,  burn ing holes i n  i t  (cause unclear) .  
r Me1 t Run Number 19 (8/28): Purpose - t o  me1 t and shot  s i l  i con  chunks, 
then t o  feed and tqel t s i l i c o n  powder and produce shot  i n  order  t a  t e s t  i f  
powder-me1 t shot i s  i n f e r j o s  t o  chunk-me1 t shot. A 1  so - t o  use a reverse 
f low check valve t o  prevent  a negat ive AP which would cause the  c r u c i b l e  
t o  jump o u t  o f  the  susceptor, t o  use a cha r t  recorder f o r  the  temperature 
readout, t o  use a f u l l - b o r e  b a l l  va lve and p lex ig lass  tube f o r  t he  powder 
feeding system, t o  use a quartz c r u c i b l e  hood w i t h  a small (1") v iewport  
hole i n  it, t o  use a powder l e v e l  de tec to r  i n  the upper con t ro l  mounting 
chamber, and t o  use a r a d i a t i o n  s h i e l d  wired t o  i t s  support tube. Results - 
the temperature readout on the  cha r t  recorder occurred over a narrow bank 
which r e q u i r e s  t o  be widened, t h e  manual powder f w d  s y s t e ~  worked w i thou t  
d l f f l c u l t y ,  a rc lng  o f  the r a d i a t i o n  s h i e l d  d i d  n o t  occur  and the powder 
level detector worked, bu t  I t  was too sensitive to  f a l l  fng powder. Also- 
high qua1 i t y  shot was obtained from the chunks melt ,  a powder melt was 
created w j  th  almost no me1 t i n  the crucible t o  s t a r t  wi th ,  and the powder 
mel t  shotted without delay (previous powder me1 t runs had or l f lce  plugglng 
problems), but the qua l i t y  of the shot was poorer (slower, formlnq splat)  
t h a n  t h a t  of the chunk mel t .  
Kayex progress reports to UCC are ou t  o f  phase by one month with the  
UCC repor t fng t o  JPL. During September, Kayex made three successful melt 
runs and produced a total  o f  approximately 10 kilograms of s i l i c o n  shot 
during slrnul taneous powder feeding, melt! nq and shott ins.  
Thls  development program includes a91 analytical , experimental , and 
design e f f o r t  associated w i t h  developing a fluid-bed reactor as an a l te r -  
native or backup system t o  the free-space reactor. 
The experimental work was stopped in May 1981 due t o  budge t  recisions, 
however, since the fluid-bed concept is  potentially very a t t r a c t i v e ,  I t  
i s  proposed t h a t  work w i l l  be restarted i n  the next  f i s c a l  year. 
1,7 MANAGEMENT AND DELIVERABLES 
Th is  report Item includes all actlvltfes associated wt th  managing 
the program and insurlng that all deliverables are made in accordance wlth 
the program requj rements . 
PIM Meetinq 
- 
The 38th PIM meetlng was held on July 15/16, 1981 in Pasadena. 
Dr. Mori hara made a 45-minute presentation showfng EPSDU progress. In 
hfs presentation, he showed a collection o f  colored sl fdes taken a t  E a s t  
Chlcago during constructfon and m~crophotographs of particles taken from 
the fluid-bed after sflane pyrolysfs. 
Del lverables 
- _ _ I _  
The monthly technical progress reports along wlth the monthly financial 
and management reports were Sssued as required by the contract ,  The second 
quarter 1981 progress report was also fssued durlng th i s  period, A pro- 
posed work plan f a r  contlnuatJon o f  the f l u j d - b e d  activlty during fiscal 
year 1982 was del lvered t o  JPL I n  August. 
Major M i  1 es tones 
The major  rn.llestones reached this  quarter are presented i n  Table 11. 
TABLE I1 MAJOR MILESTONES REACHED 
WBS NO. 
--
1.1.2.6 
1.2.1.3 
M It. ESTON E DESCRIPTION OF MAJOR MILESTONE 
A Gantry scale model update-complete, 
G Fie1 d f nstruments and control s-a1 1 equin- 
ment recetved. 
Data collection system-purchase orders 
issued. 
Data collection system-a1 1 equjpment received. 
Power Control Center-a1 1 equipment received. 
Power Control Center-final invoqce paid. 
Heat exchangers-final jnvoice payment. 
Q.C. t rai ler-al l  equipment rece-ived. 
Vendor print cont: ,: *a1 1 drawinqs on f i 1 e. 
T ~ s t  plan started 
Monthly financial  and management reports. 
Monthly technical progress reports. 
Quarterly technical prowess reaorts. 
SECTIOK I1 I, CONCLUSIONS 
Significant h lgh l  i g h t s  and conclusions are presented according t o  the 
relevant WBS numbers, 
1.1 DESIGN/PROCUREMENT 
1. 1* 1 Process Design 
This a c t i v i t y  was completed except f o r  some minor details.  
e A safety revkw o f  the pressure relief system remains to  
be made, 
1.1.3 Equipment Design, Specification, Procurement 
r Schematic w i r i n g  diagram was completed. 
a Equfpment cleaning i s  807; complete. 
Instal  l a t i o n  Design, Spec i f i ca t !  on, Subcontract 
a Mechanical and electrical construct ian subcontracts were 
not awarded due t o  7 ack of funds, 
1.1.6 Pyrol ysis/Mel ting System 
e Fabr ica t ion  drawlngs f o r  the frre-space reactor were completed. 
r Detailed structural drawf ngs are in preparation. 
1.2 EQUEPMENT FABRICATION/DELIVERY 
a Approximately 95% o f  equipment has been recef  ved. 
1.3 INSTALLATION AND CHECKOUT 
a Equlprnent I s  being repackaged for  shipment t o  t he  new EPSDU  sit^, 
I The dra't o f  Volume I (Chemical and P l a n t  Safety)  1s under 
review by UCC Safety Personnel. 
a Volumes I 1  ( ~ e s c r l p t l o n )  and 111 (Operat ion)  i s  being wr i t ten.  
1.6 PROCESS SUPPORT R&D 
1.6.2 Me1 t ing/Consol  ldat fon* 
e Kayex has complet~d t he  experlmdntul program w i t h  a t o t a l  o f  
22 m e l t  runs and has demonstrated simultaneous powder feed- 
fng, n~el t i n g  and shottqng. Documentation w i l l  occur during 
the last  quarter, 
Flufd-Bed Development 
a This  a c t i v i t y  has been placed on h o l d  but  may be cont inued 
fn 1982 f i s c a l  year .  
SECTION I V .  PROJECTED QUARTERLY ACTIV IT IES 
1.1 - FDSDU DESIGN/PROCUREMENT 
1.1.1 Process Des4 gn 
a The safety rcv7ew of the pressure rellef sys tem deslgn whfch 
was scheduled f o r  the t h i r d  quar te r  was not  held, t h e  rev iew 
will take place I n  the four th  quarter.  
I Cleaning o f  specfalty i t ems  will be completed. 
a Hydrogen cornpresser will be ref! t t ed .  
1.1.6 Pyro l ys i s /Me l t l ng  System Desisn 
r Complete design a c t i  vf ty f o r  f ree-space reactor w i t h  ava i  1  - 
ab le  manpower and i ssue  a d r a f t  package. 
1.2 EQUIPMENT FABRICATION/DELIVERY 
0 Balance o f  equipment  will be de l i ve red  t o  EPSDU s i t e  and invo ices  
pa l  d. 
a Equfprnent c l e a n i n g  w i l l  be completed. 
1.3 INSTALLATION & CHECKOUT', 
a Complete t r a n s f e r  o f  equipment. 
1.4 QPERATION 
a Cornpl e t e  operat ions manual . 
1.5 COMMERCIAL PROCESS ECONOMIC ANALYSIS 
No a c t i v i t y  p lanned .  
1.6 PROCESS SUPPORT R&D 
1.6.2 Me1 ting/Conso7 idat ion 
r Ed1 t and t ssue f ina l  report sumnarizfnq the experlmental 
contract w f  t h  h y e x .  
1.6.3 Fluld-Bed Development 
a Contlnue f l u id -bed  experlmental work from the po in t  a t  
whlch i t  was stopped i n  May. 
1.7 MANAGEMENT AND DEt  IVERABLES 
r Monthly f f nanc ia l  and managetvent reports w i l l  be Issued. 
a Monthly technicat reports will be issued repor t ing  contractual 
I terns. 
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